We simulate the hadroproduction of a tt -pair in association with a hard photon at LHC using the PowHel package. The generated events are stored according to the Les-Houches event format and constitute an almost inclusive event sample (regarding the photons), so that usual experimental photon isolation can be employed. We interface those events to the PYTHIA shower Monte Carlo program, allowing for decays of massive particles, showering and hadronization, and present predictions for differential distributions at the hadron level.
After the discovery of a Higgs-particle at the LHC [1, 2] , measuring its couplings to the particles of the standard model is a prime task for the experiments. In this respect, the t-quark with mass larger than that of the Higgs-boson has a special status because the latter cannot decay into a tt-pair. Thus to measure the ttH coupling in a model independent way, one should study the hadroproduction of the Higgs-boson in association with a tt pair [4, 5] . Measuring this coupling directly is important also because deviation from the SM expectation could provide signal of physics beyond the SM.
Measuring the tt H production cross section is very challenging for two reasons: the small production rates are often accompanied with large backgrounds. The experiments at the LHC study many decay channels sorted into three main categories: (i) the hadronic, (ii) the leptonic and the (iii) di-photon channels. In this talk we concentrate on the QCD background to the di-photon channel where the Higgs-boson decays into a photon pair, while the t-quarks decay into jets (di-photon with hadrons), or into the semileptonic channel (di-photon with lepton). The irreducible QCD background contains two hard photons in association with a tt-pair. In order to be well detected, the photons have to be isolated.
Isolated hard photons are important tools of experimental particle physics. From the theoretical point of view however, these are rather cumbersome objects. The photons couple directly to quarks. The emission of a photon off a light quark, treated massless in perturbative QCD, is enhanced at small angles and singular for strictly collinear emission. This singularity can be factorized into the photon fragmentation function [6] in a similar way as the initial state collinear singularities can be factorized into parton distribution functions. This way the theoretical prediction can be written as a sum of the perturbatively computable direct photon contribution and the non-perturbative fragmentation term. The fragmentation functions have to be extracted from comparison to measured cross sections, just like the parton distribution functions. The important difference is that in the measured data the fragmentation components are suppressed by the isolation of the photon, therefore the accuracy of this extraction is limited by both statistics and systematics.
It is also possible to define a photon isolation that avoids the fragmentation contribution completely [7] , called smooth isolation. The smooth isolation allows QCD activity in a continuously shrinking cone around the photon such that the allowed activity decreases with decreasing cone size according to the formula
for all δ ≤ δ 0 , where δ 0 is a sufficiently small, pre-defined number. (For simplicity, we set ε γ = n = 1 of the original definition in Ref. [7] .) This theoretically preferred isolation is in contrast with the usual experimental definition of an isolated photon which allows small hadronic activity inside the isolation cone as follows:
In Eqs.
(1) and (2) E ⊥ ,i is the transverse energy of the ith track, R γ is the isolation cone size, R(p γ , p i ) is the separation between the photon and the ith track measured in rapidity-azimuthal angle plane, while E max had is the maximal hadronic energy allowed to be deposited in the cone of R γ around the photon. In the following we call this quantity hadronic or partonic leakage depending on whether the process is considered on the hadron or the parton level. In a recent study [8] we proposed a simple way to approximate the isolated photon production that includes the direct photon contributions at the next-to-leading order (NLO) accuracy matched to shower Monte Carlo programs (SMCs). For the matching of NLO to SMC we use the POWHEG method [9, 10] as implemented in the POWHEG-BOX [11] . At previous EPSHEP conferences we reported [12, 13] about the PowHel framework that combines the POWHEG-BOX and the HELAC-NLO package [14] to simulate the hadroproduction of tt-pairs in association of other hard SM particles. The output of PowHel is simulated events stored according to the Les Houches accord [15] (LHE) that can be fed directly into SMC's to provide events at the hadron level. Using this framework we already provided events for several processes at the LHC [16, 17, 18, 19, 20, 21, 22] .
The essence of our method to generate events with isolated hard photons is that we employ a loose smooth generation isolation (using Eq. (1) with small δ gen 0 ) to provide a pre-showered event sample. The events generated with a loose generation isolation contain only perturbative information, we neglect the non-perturbative (fragmentation) contribution. We however expect that in case of sufficiently loose generation isolation the fragmentation can be neglected within the expected uncertainty of matched NLO+PS predictions if the photon is harder than the accompanying jets. This statement is trivially true if the experimental isolation is a tighter version of the smooth isolation than that employed for event generation, while can be tested by comparison to data if a typical cone isolation is used. Thus our sample of LHEs can be considered sufficiently inclusive so that when a typical physical experimental isolation is employed the neglected fragmentation contribution is expected to be smaller than the renormalization and factorization scale uncertainties.
The technical details of our computations, using the example of isolated photon hadroproduction in association with a tt-pair, can be found in Ref. [8] , where we concluded that the preshowered events reproduce the distributions at NLO accuracy within the expected precision. We have also shown that employing typical selection cuts (including the cone-type photon isolationthe precise list is given in Ref. [8] ), the physical predictions depend marginally on δ of the cross section values after full SMC and given selection cuts are in Fig. 1 where the cross sections of the experimentally isolated photon are depicted as a function of the radius of experimental photon isolation cone, and of the hadronic leakage inside the photon isolation cone.
In order to estimate the size of the neglected fragmentation contribution one has to compare the predictions to experimental data which we present here for the case of massive vector boson + isolated photon production for which the ATLAS collaboration published results for both isolated photon + 0 jet (exclusive) and isolated photon +N(≥ 0) jets (inclusive) in the final state [23] . This final state has also been considered recently at NLO accuracy interfaced to a shower generator according to the POWHEG prescription supplemented with the MiNLO procedure [24] . In this work the fixed order result is matched to an interleaved QCD+QED parton shower, in such a way that the contribution arising from hadron fragmentation into photons is fully modeled. Thus for this process the comparison is possible not only for experimental results, but also with a theoretical prediction where the fragmentation is included through a shower model. We have implemented the event selection of ref. [23] and made predictions for the inclusive and for the exclusive case using events obtained with δ gen 0 = 0.05. In Fig. 2 we show our predictions for the transverse momen- tum distribution of the isolated photon, compared to the predictions of ref. [24] and the results of ref. [23] . dσ dp dσ dp We find that our approach gives a good description of the data if the radiated photon is harder than the accompanying jets. Thus for the exclusive case, the data overlap with our predictions for the full range within the uncertainty of our prediction. For this case the two theoretical predictions also coincide within the scale dependence band except for the first bin. For the inclusive case the two predictions differ and the difference, in principle, may be attributed to the neglected fragmentation contribution. However, it should be noted that the predictions of ref. [24] do not use non-perturbative information extracted from data, but a model of fragmentation. At the present accuracy of the data it is difficult to make a clear conclusion which prediction is favoured by experiment, but the following general trend seems to emerge: the harder the photon the better the agree-ment between our prediction and the data, while for the case of matched NLO to an interleaved QCD+QED parton shower, the agreement is better for small transverse momenta, with transition around 60 GeV for the given selection cuts.
For studying the effect of the shower and hadronization as well as for simple phenomenology we chose PYTHIA-6.4.25 [25] to describe decay of heavy particles, QCD showering and hadronization. With the selection cuts in Ref. [8] we found small effect of the PS (in most of the phase space below 5 %). We also generated an event sample with δ gen 0 = 0.01 at 8 TeV and fed into PYTHIA with the 2010 Perugia tune [26] , omitting photon showers, making τ ± and π 0 stable and we turned off multi-particle interactions. For the phenomenology we used two default scales µ 0 : (i) our default choice, the half the sum of transverse massesĤ ⊥ /2, which was already motivated in [22] and (ii) the mass of the t-quark (the scale used in the first computation at NLO accuracy in Ref. [27] ). To see the difference between the two scale choices a scale-uncertainty study is performed and scale-uncertainty bands are presented for the distributions obtained at the hadron level in Ref. [8] . We defined the renormalization and factorization scales as µ R = ξ R µ 0 and µ F = ξ F µ 0 and set the scale-dependence band as the upper-and lower-bounding envelopes of distributions taken with
In general we found that the dynamical scale gave more uniform scale dependence of about 20 % than the static one. This method of generating events with a loose generation isolation of the photon is completely general and can be employed for other processes. In Ref. [28] we used it for making predictions for the associate production of two isolated hard photons with a tt-pair at NLO accuracy matched to parton shower. With the default scale µ 0 =Ĥ ⊥ /2, where the hat indicates that the underlying Born kinematics defines the scaleĤ ⊥ = m ⊥, t + m ⊥,t + p ⊥, γ 1 + p ⊥, γ 2 , used for both the renormalization and factorization scales, the NLO K-factor is 1.24 (for selection cuts given in Ref. [28] ). The scaledependence of the cross section at LO and NLO accuracy is shown in Fig. 3 . We see that varying the scale in the range [µ 0 /2, 2µ 0 ] the scale uncertainty drops from +30 %-27 % (at LO) to +14 %-13 % if NLO QCD corrections are included. It is interesting to note that choosing µ 0 =Ĥ ⊥ /4 as default scale, the scale dependence remains the same, but the K-factor decreases to K 1.08.
Using the predictions of Ref. [17] for tt H production at the hadron level, we can make predictions for both signal and irreducible background at the hadron level with the highest available precision. For the tt + γγ background we take the events generated with δ 0 = 0.05. For the signal we generated a new bunch of pre-showered events sharing the same parameters with the tt + γγ sample, generated for the 13 TeV LHC with CT10nlo PDF and accordingly chosen 2-loop α s , m t = 172.5 GeV, m H = 125 GeV. We chose the renormalization and factorization scales equal to each other and set to µ R = µ F = m t + m H /2. To make our predictions, we used PYTHIA-6.4.25 for simulating the evolution of the events to the hadron level, but with multiple interactions turned off.
The partonic final state contains a t-quark pair for both the signal and the background. To detect these t-quarks we used t-tagging as provided by the HEPTopTagger [29] . In order to perform t-tagging we followed the steps recorded in Ref. [28] . We show two sample distributions obtained this way in Fig. 4 : the invariant mass and the rapidity-azimuthal angle separation of the two-photon system. Clearly our selections are very strict as the cross section drops into the attobarn range, but also very effective: the Higgs boson the signal appears as a single, well-defined spike in the m γγ spectrum with excellent signal/background ratio.
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t tbar + isolated photon production at NLO accuracy matched with parton shower Zoltán TRÓCSÁNYI The invariant mass and rapidity azimuthal separation is shown for the diphoton system at the hadron level for the signal (tt H , red) and for the background (tt + γγ , blue) such that the signal sits on the top of the background. Further details of the calculation can be found in the main text.
